NETWORK BASED DATA ACQUISITION AND CONTROL SYSTEM FOR CIRCULAR POLARISATION SAR (CP-SAR) SENSOR ON UAV by WAHYUDI, Agus Hendra et al.
The	7th	Indonesia	Japan
Joint	Scientific	Symposium	
(IJJSS	2016)	
Chiba,	20‐24	November	2016	
	
 
18 
 
Topic	:	Computer and Information Technology	
NETWORK	BASED	DATA	ACQUISITION	AND	CONTROL	SYSTEM	
FOR	CIRCULAR	POLARISATION	SAR	(CP‐SAR)	SENSOR	ON	UAV		
Agus Hendra Wahyudi, Josaphat Tetuko S. Sumantyo, Heein Yang, Matsumura 
Kohei, Yuta Izumi.  	
Josaphat	Microwave	Remote	Sensing	Laboratory,	Center	for	Environmental	Remote	
Sensing,	Graduate	School	of	Advance	Integration	Science,	Chiba	University,1‐33,	Yayoi,	
Inage,Chiba,	263‐8522,	Japan	
	
	
Abstract	
	
High	resolution	C	band	CP‐SAR	sensor	has	been	developing	for	natural	disaster	
and	earth	monitoring	using	UAV	platform	in	JMRSL.	This	paper	will	describe	one	
method	of	data	 acquisition	 system	using	 fast	Ethernet	 interface	 for	 continuous	
operation	during	UAV’s	flight.	Graphical	user	interface	was	made	using	visual	c#	
to	allow	operator	to	control	and	monitor	SAR	system	and	operation.	 	Hardware	
in	 the	 loop	 for	 low	 altitude	 flight	 operation	 has	 been	 done	 and	 discussed	 for	
ensuring	system	working	well	before	real	flight	test.	Transfer	rate	less	than	10%	
of	 PRI	 can	 be	 achieved	 in	 this	 low	 altitude	 operation	 particularly	 150	 meter,	
cruise	speed	100	km/h	and	1000	PRF	chosen	value.	That	result	show	the	gigabit	
network	based	data	 acquisition	 	 provide	 good	 transfer	 rate	 for	 continuous	CP‐
SAR	sensor	data	logging	and	allow	the	user	to	change	SAR	sensor	operation	and	
parameter	remotely.	
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1. INTRODUCTION 
 
Earth	 surface	monitoring	by	UAV	has	been	 increased	 in	 recent	years.	 It	 can	give	 local	
area	 data	 information	 for	 fast	 response	 such	 as	 on	 natural	 disaster	 monitoring	 and	
decision	 support	 system	 on	 disaster	 area	 (Li	 et	 al.	 2011,	 Fikar	 et	 al.	 2016).	 	 Optical	
sensor	 was	 common	 passive	 sensor	 utilized	 on	 UAV.	 However,	 it	 can	 not	 operate	 on	
night	and	bad	weather.	On	the	other	hand	SAR	sensor	was	active	sensor	 that	can	give	
data	 day	 night	 and	 all	 weather	 therefore	many	 platform	 use	 this	 technique	 for	 earth	
observation	such	as	ground	based,	spacecraft,	airborne	and	UAV	(Bayuaji	et	al.	2010).	
	
Conventional	 SAR	 sensor	 utilized	 linear	 polarizasation	while	 a	 novel	methode	will	 be	
performed	 in	 this	 research	 is	 circular	 polarization	 SAR	 sensor.	 The	 benefit	 of	 using	
circular	polarization	is	polarization	loss	factor	robustness	due	to	mismatch	polarization	
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usually	 in	 LP	 case	when	 some	 disturbance	 in	 UAV	 flight	 path	 happened.	 Thus,	 better	
detection	of	target	will	be	more	reliable.	In	addition,	CP	SAR	sensor	on	spacecraft	will	be	
more	robust	than	LP‐SAR	due	to	faraday	rotation	that	will	make	polarization	mismacth	
increase	in	LP(freeman	and	S.Saachi,	2004).		
	
One	of	SAR	image	quality	is	represented	by	resolution	number,	which	is	depent	on	the	
bandwidth	of	signal	called	chirp.	 In	order	to	get	sub‐meter	high	range	resolution	on	C	
Band	SAR	image	we	implemented	400	MHz	chirp	bandwidth.	Backscattered	signal	from	
earth	surface	will	be	sampled	with	high	sampling	ADC	and	saved	to	hard	disc	computer	
for	 image	 processing,	 therefore	 this	 system	 requires	 fast	 transfer	 data	 rate	 such	 as	
network	 gigabit	 Ethernet	 interface.	 Network	 based	 data	 acquisition	 and	 control	 allow	
UAV	CP	SAR	researcher	 to	control	gain	of	RF	system	and	configure	PRF,	bandwidth	of	
chirp	 signal	 and	store	data	 continuously	during	SAR	 flight	UAV	operation.	The	system	
will	 be	 described	 in	 this	 paper	 and	 hardware	 in	 the	 loop	 experimental	 set	 up	will	 be	
presented	for	ensuring	functional	system	work	well	before	flight	test.		
	
 
2. SAR DATA ACQUISITION SYSTEM 
 
SAR	data	acquisition	system	is	a	methode	to	collect	a	SAR	raw	data.	It	contain	RF	system,	
Antenna	sensor,	embedded	system	and	graphical	user	interface	in	laptop/pc	for	control	
SAR	parameter	and	display	data.	
	
2.1	Block	Diagram	of	SAR	System 
 
Block	diagram	C	band	CP‐SAR	system	can	be	shown	in	figure	1.	
	
	Figure	1.	Block	Diagram	C	Band	SAR	System		
	
Embedded	 system	 will	 produce	 chirp	 signal	 200	 MHz.	 AD/DA	 from	 analog	 devices	
connected	to	fpga	through	High	speed	FMC	card	provide	high	sampling	2.6	GSPS	for	DAC	
and	1GSPS	for	ADC.	Fpga	system	board	KCU105	has	2	GB	DDR4	Ram	for	fifo	buffer	I	and	
Q	 data	 from	ADC.	 It	 also	 has	 gigabit	 ethernet	 port	 communication	 to	 transfer	 data	 to	
hardisk	PC/Laptop	for	further	analysis.		
	
RF	system	transmitter	and	receiver	have	TCP/IP	communication	port	for	configuration	
such	 as	 SSPA	 gain	 control	 transmitter	 ,	 gain	 offset	 and	 phase	 sifter.	 The	 transmitter	
contain	baseband	unit	to	combine	signal	from	DAC	inphase	and	quadrature	with	IF	local	
oscillator,	upconverter	unit	to	convert	IF	signal	to	C	band	RF	5,3	GHz,	and	SSPA	unit	for	
amplify	the	signal	and	pass	them	through	antenna.	RF	system	receiver	contains	LNA	and 
Down‐converter	 to	 provide	 baseband	 In‐phase	 and	 Quadrature	 signal	 for	 ADC	 analog	
input.	
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The	received	signal	will	be	sampled	by	ADC	card	daughter	board	of	fpga	system,	saved	in	
buffer	 RAM	 and	 transfered	 to	 laptop	 through	 gigabit	 ethernet	 UDP	 communication.	
Motion	 sensor	 IMU	 and	 GPS	 simultaneuously	 send	 data	 to	 laptop	 through	 serial	
interface	 for	geolocation	metadata	of	CP‐SAR	 raw	data.	All	process	of	data	 acquisition	
and	 baseband	 controller	 can	 be	 monitored	 and	 controlled	 by	 operator	 through	 RF	
datalink	900	MHz	communication.	
	
	
2.2		CP Antenna	Sensor	
	
Antenna	 should	 have	 good	 axial	 ratio	 <	 3dB	 for	 circular	 polarisation.	 Circular	
polarization	antenna	will	operate	on	Left	Handed	Circular	polarization	and	Right	handed	
circular	polarization	(RHCP	and	LHCP)	which	one	antenna	will	be	used	for	transmitter	
and	another	for	receiver.	
	
2.3		Stripmap	Geometri	and	Resolution	
	
Side‐looking	synthetic	aparture	radar	(Stripmap	mode	SAR)	will	be	utilized	for	generate	
image	of	earth	with	high	resolution.		
	Figure	2.	SAR	Stripmap	Geometry	
	
Figure	2.	describe	geometry	parameter	such	as	swath	width,	minimum	range,	maximum	
range	that	can	be	stated	as	:	
	
Rmin=	 Hcos൫ߛ െ ߠ 2ൗ ൯
	
Rmax=	 Hcos൫ߛ ൅ ߠ 2ൗ ൯
	
Swൌටܴ௠௔௫ଶ െܪଶ 	െ ටܴ௠௜௡ଶ െܪଶ	
	
Where	Ƴ	is	look	angle	of	antenna,	θ	is	3dB	beam‐width	of	antenna	in	elevation	and	H	is	
UAV	or	platform	altitude.	Preeminence	of	SAR	image	is	important	that	can	be	expressed	
by	resolution.	Range	resolution	rely	upon	baseband	signal	bandwidth	of	chirp	as	can	be	
presented	:	
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׏Rൌ ܿ2ܤ 	
Bandwidth	 chirp	 signal	 entering	 RF	 system	 limited	 to	 200	MHs	 quadrature	 therefore	
submeter	resolution	can	be	achieved.	Chirp	signal	can	be	stated	as	equation	below	:	
	
y ൌ r ൜ݐܶൠ ݁
గ஻்௧మ 
	
Where	 B	 is	 bandwidth	 of	 chirp	 signal,	 T	 is	 pulsewidth	 and	 r	 is	 pulse	 amplitude	
modulation	signal.		
	
Azimuth	resolution	depend	on	SAR	antenna	length,	as	can	be	stated	:		
׏zൌ ܮ2 Where	L	is	physical	antenna	length	in	azimuth	direction.	
	
.2.4	Sample	Window	Time	and	PRF	
	
Sampling	data	of	SAR	will	be	divided	to	be	two	dimension	in	range	and	azimuth,	which	
fast	 time	in	range	and	slow	time	in	azimuth	direction.	Fast	 time	sample	should	be	 fast	
enough	 to	 detect	 chirp	 signal,	 as	 nyquist	 criteria	 it	 has	 to	 be	minimum	 twice	 of	 chirp	
bandwith.	 Sampling	window	 time	 in	one	 range	will	be	depent	on	 the	maximum	range		
and	pulse	width	of	chirp	signal	as	can	be	stated:	
	
trw ൌ 2ܴ௠௔௫c ൅ T 	
While	 in	 azimuth	 direction,	 window	 sample	 timing	 depent	 on	 the	 speed	 of	 UAV	 and	
antenna	3dB	azimuth	beamwidth	as	can	be	stated	below:	
	
taz ൌ ܴ௠௔௫ߠazv 		
PRF	 selection	 should	 be	 considered	 in	 order	 to	 collect	 unambigue	 range	 and	 doppler	
frequency	 which	 is	 represent	 by	 minimum	 and	 maximum	 chosen	 value	 criteria	
(Mahafza,2004).	
	
c
2ሺRmax െ Rminሻ ൒ ܴܲܨ ൒
2ݒ
ߣ ߠ sin ߛ	
	
	
2.5 Graphical	User	Interface	
	
Graphical	 user	 interface	 was	 made	 to	 provide	 changing	 signal	 parameter,	 SAR	 mode	
operation	and	time	duration	to	be	implemented	on	SAR	data	acquisition	system.		Visual	
c#	will	be	used	to	realize	this	GUI,	the	flowchart	can	be	shown	in	figure	3	and	4.		
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	Figure	3.	GUI	Single	Mode	FlowChart		
	
	
		
	
Figure	4.	GUI	Observation	Mode	Flowchart	
	
From	 figure	 3	 and	 4	 operator	 can	 change	 some	 parameter	 of	 SAR	mode,	 bandwidth,	
pulsewidth,	 timing	 window,	 and	 ADC	 sampling	 frequency.	 	 Specific	 command	will	 be	
sent	to	FPGA	through	UDP	communication.	After	receiving	data,	in	single	mode	they	will	
be	displayed	on	chart	directly	while	in	observation	mode	they	will	be	saved	to	file	before	
some	sample	data	displayed	to	chart.		
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3. Experiment	
	
Experiment	 data	 acquisition	 CP‐SAR	was	 tested	 using	 hardware	 in	 the	 loop	methode	
which	is	described	condition	operation	before	real	flight	test.	
	
3.1	Experimental	Setup	
	
In	 this	 hardware	 in	 the	 loop	 experiment	 we	 use	 JX2	 platform	 as	 referenced,	 which	
antenna	dimension	0.75	m	length	and	0.2	m	width.	The	off	nadir	angle	of	antenna	adjust	
to	37.5	degree.	 JX	2	 fly	on	 low	altitude	150	meter	to	obey	UAV	flight	 limitation	rule	 in	
Indonesia	(jonan,2015)	with	cruise	speed	100	km/h.		
	
3.2	Experimental	Result	
	
This	experiment	setup	condition	 lead	16.2	degree	 for	Range	direction	3dB	beamwidth	
and	4.324	degree	azimuth	direction	3dB	beamwidth	such	as	shown	in	figure	6.	
  
  
Figure 6. Antenna 3dB Beamwidth 
 
Combine	with	UAV	flight	condition	and	antenna	on	stripmap	mode	SAR	provide	timing	
result	information	on	figure	7.	
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Figure 7. Stripmap Geometry SAR result 
 
Baseband	 signal	 reference	 to	be	 transmitted	 is	 shown	 in	 figure	 8	which	has	 200	MHz	
bandwidth	bilinear	chirp	signal	inphase	and	quadrature.	
 
  
Figure	8.	Signal	Transmitted	Reference		
 
The	backscattered	signal	raw	data	from	fpga/PC	through	gigabit	ethernet	can	be	shown	
in	 figure	9.	 It	 is	delayed	 form	of	Tx	signal	due	 to	 target	distance	 from	UAV	and	added	
random	noise	function.	
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Figure 9. Signal Transmitted Reference  
 
The	matched	 filter	signal	 is	convolution	signal	 reference	and	signal	received	as	can	be	
shown	in	figure	10.	
	
  
Figure	10.	Matched	Filter	Result	
	
It	is	clear	that	target	can	be	detected	using	matched	filter.		
  
4. Result Analysis 
 
Antenna	as	SAR	sensor	mount	on	JX‐2	has		length	dimension		=	0.75	meter	and	antenna	
width	dimension	0.2	meter.	These	parameter	will	 lead	3dB	beamwidth	in	asimuth	and	
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range	 as	 16.2O	 and	 4.34O	 respectively.	 In	 order	 to	 reach	 30O	 to	 46O	 incident	 angle	 of	
image	the	look	angle	of	antenna	should	be	adjust	to	37.5O	inside	JX2	fuselag.				
	
UAV	 JX2	 will	 fly	 at	 150	 meter	 low	 altitude,	 with	 1000	 Hs	 Pulse	 repetition	 frequency	
(PRF).	The	PRF	value	is	higher	than	PRF	minimum	limitation	(74Hs)	due	to	cruise	speed	
of	 JX2	at	100	km/h	antenna	 length	0.75	meters.	 In	addition	chirp	signal	has	very	high	
bandwith	200	MHs	in	order	to	get	sub	meter	range	resolution.	
	
This	Single	polarisation	system	C	Band	SAR	will	provide	in‐phase	and	quadrature	signal	
with	16	bit	resolution	ADC	and	1	Gsps.	At	this	low	altitude	SAR	geometry	the	receiving	
window	time		will	be	very	short	only	3	µS.	Raw	data	collected	each	pulse	will	be	96000	
bit,	then	they	will	be	delivered	to	laptop	hardisk	by	gigabit	ethernet	UDP	in	order	to	be	
saved	to	hardisk.	The	transfer	time	of	raw	data	to	laptop	only	96	µS	or	9.6%	from	PRI,	
which	is	very	enough	transfer	time	in	one	pulse.	This	low	altitude	SAR	operation	will	be	
collected	data	for	10	seconds	continuously	for	280	meter	flight	distance,	with	1000	PRF	
it	will	collect	120Mbytes	which	is	enough	space	for	external	RAM	of	FGPA	to	buffer	all	
measurement	data.			
	
5. Conclusion	
	
Network	 based	 data	 acquisition	 of	 C	 band	 CP‐SAR	 sensor	 on	 UAV	 was	 described.	
Hardware	in		the	loop	test	also	was	done	for	low	altitude	UAV	operation	for	ensure	that	
the	system	working	well.	From	the	 result	and	discussion	 it	 is	ready	 for	 test	using	 real	
embedded	system	in	near	future	for	natural	disaster	monitoring.	
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